Wave lengths of the stronger infrared radiations characteristic of integrated light from an iron arc at atmospheric pressure are measured rela tively to neon standards by the Fabry-Perot interferometer method. Values are given for 91 lines ranging from 7164.469 to 10216.351 A. Spectral term combinations indicate that most of these lines require relatively high excitation energies, which accounts for their character and properties. Differences between values from integrated arc light at atmospheric pressure and from the vacuum arc are interpreted as· pressure-and Stark-effects. It is suggested that the international system of secondary standards of wave length can be extended into the infrared by using. integrated light from an iron arc at 1 atm press ure .
The iron arc at atmospheric pressure has served for many years as a source of secondary standards for wave-length measurements in optical spectra. Selected lines in the atomic spectrum of iron first attained the status of international secondary standards through the action of the International Union for Cooperation in Solar R esearch 1 in 1907, and were continued as such, after the war, by the International Astronomical Union. In 1928 the values were revised on the basis of new observations and 319 lines ranging from 3370.787 to 6750.156 A were adopted as iron arc secondary standards of wave length. 2 Provisional values for iron lines which may serve as standards among shorter waves to 2015 A have been proposed 3 but require confirmation before they can be adopted as international standards.
The first interference measurements of iron lines in the region of longer waves (to 8824 A) were made by Burns 4 in 1913. Similar results were r eported by Meggers and Kiess 5 in 1924, since which [Vol. 14 time no further interference observations appear to have been made "' on infrared iron lines. In recent years, the discovery of new dyes which impart infrared sensitivity to photographic emulsions has greatly extended the range of precision measurements in spectroscopy, and immediately created a need for standards in this range. After a preliminary description of the iron-arc spectrum extending to 10863 A had been obtained 6 it appeared desirable to refine the infrared measurements bv means of interference observations and thus investigate further the practical utility of the iron arc as a source of secondary standards. This paper reports on interference measurements of 91 lines, with corresponding wave lengths ranging from 7164 to 10216 A, characteristic of integrated light from an arc, at atmospheric pressure, between 2 electrodes of iron.
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II. APPARATUS AND METHODS
The apparatus and method devised by Fabry and Perot 1 for wavelength comparisons are too well known to justify detailed presentation here. A recent paper by Humphreys 8 gives an outline of the theory and describes a procedure in observing and measuring which was followed almost without variation in the present work. It is important, however, to give all essential facts about the light sources since it is now recognized that wave lengths derived from any source depend more or less on the exact specifications.
It may be recalled that the earliest interference measurements of iron lines were made before the importance of operating conditions was realized, and it was not until 1913 that the iron arc in air as a source of international standards was meticulously described 9 as follows: Length of arc, 6 mm; current of 6 amp for wave length greater than 4000 A, 4 amp or less for wave lengths shorter than 4000 A; direct current with positive pole above the negative, potential of 220 v; iron rods of 7 mm diameter for electrodes; axial part about 2 mm wide in center of arc to be used as a source of light; only lines of groups a, b, c, d, (Gale and Adams pressure groups) to be used as standards. Soon after these specifications were laid down, it was shown that certain iron lines exhibit a so-called" pole effect" represented by a change in wave length when light from the vicinity of an electrode is compared with that from the center of the arc, and the International Astronomical Union was persuaded 10 as follows with respect to the iron arc:
"In order to obtain lines of constant wave length, constant intensity distribution, and adapted to high orders of interference, the adoption is recommended of the Pfund arc 11 operated between 110 and 250 v., with 5 amp . or less, at a length of 12 to 15 mm used over a central zone not to exceed 1 to 1.5 mm in width, and with an iron rod 6 to 7 mm diameter as the upper pole and a bead of oxide of iron as the lower pole." At the same time it was recommended 12 that the arc previously described be retained a" a source for waves longer than 6000 A, since 'W. F. Meggers and O. O. Kiess. BS J. Researcb, 9, 309 (1932) .
7 Ann. cbim . pbys. [7] . 25, 98 (1902) . • 'rrans . 1. U. S. R. 4, 58 (1914) . 10 Trans. 1. A . U. 1,36 (1922) . 11 Astropbys. J. 27, 297 (1908) . 12 Trans. 1. A . U. 1,36 (1922). .J I "the secondary standards to the red of MOOO are all stable lines, and the exposures with the above-mentioned (long) arc may be rather long".
In view of the recent improvements in the sensitization of photographic emulsions to infrared light, I attempted in the present work to use the modified iron arc so that the long waves would be measured in the same source as the shorter ones. Unfortunately this was found to be entirely impractical even in the near infrared up to 8824 A which had previously been examined with the earlier (short) type of arc. The explanation is, no doubt, related to the fact that most of the infrared iron lines involve rather highly excited states and are, therefore, strongly developed only near the electrodes. Even the short arc ' (6 mm) was found to be impractical for interference observations beyond 9000 A when light was taken only from the central zone (2 mm) so that the apparatus was finally arranged in such a way that light from the entire arc, including that from the electrodes, was integrated in the interferometer. With this arrangement, it was found possible to record interference patterns for all of the stronger lines of iron up to wave length 10216 A with exposures of 1 to 2 hI' on Eastman xenocyanine plates. The actual arrangement was as follows: The arc was placed at the principal focus of a collecting lens which then illuminated the interferometer with essentially parallel light. After passing through the interferometer the light was collected by an achromatic lens which projected, on the spectrograph slit, interference patterns of the individual r adiatiuns and also an image of the arc slightly magnified. By maintaining an electrode gap of about 12 mm in the arc, the electrode images on the slit were separated about 15 mm so that 5 or 6 rings of the interference patterns appeared between the continuous spectra from the electrodes. The arc was operated with a current of 8 amp, the applied potential being 240 v . The iron arc at atmospheric pressure consists of 2 fl ames coming from the electrodes, and Fabry and Buisson 13 h ave shown that the negative flame is much more brilliant than the positive, the difference being greatest for long waves. On account of this intensity difference it was necessary to alternate polarity during the exposure in order to obtain symmetrical illumination of the interference patterns. The exposures ranged from 5 to 10 min for the interval 7000 to 9500 A which was recorded on Eastman 144 RP plates, and 1 to 2 hI' to photograph 8300 to 10800 A on Eastman 144 Q plates.
Instead of using the red radiation from cadmium as a primary standard for these wave-length comparisons it was found more convenient to utilize the yellow and orange lines of neon as emitted by a Geissler tube operated with a high-voltage transformer. Since it has been recognized that the mean of any 8 or more neon lines which have already been adopted as secondary standards is practically equivalent to the primary standard/ 4 I have compared the infrared iron lines with such a group standard by determining the etalon thickness for each spectrogram from the best exposed neon lines between 5852 and 6304 A. The values actually used for this purpose were the 8-place means published by J ackson. 15 The neon exposures were made simultaneously with the iron by in serting between the arc collecting lens and the interferometer, a sheet of red (selenium) glass transmitting arc light only of wave length >6400 A and reflecting neon light from its rear surface to illuminate the interferometer and spectrograph in like manner as the iron arc. A second collecting lens inserted between the neon lamp and the red glass filled the interferometer with paraHellight and the capillary source was imaged on the slit simultaneously with the arc image. Thus the 2 overlapping settings of the spectrograph camera referred to above covered the entire range of infrared iron sp ectrum which could be photographed and each iron spectrogram was accompanied by a neon spectrogram (Eastman 144 F plate) representing the primary standard. In the first setting the neon spectrum was recorded in the grating's first order on the shortwave side of the iron, while in the second setting the neon was taken from the grating's second order on the long-wave side of the iron. This procedure brought both spectra near the axis of the grating and had the additional advantage of equalizing the exposures since the longer exposures for iron in the second range were fairly compensated by the lower brightness of the grating's second order spectrum. The grating spectrograph referred to here is the stigmatically mounted concave grating described in another paper. 16 The interferometer consisted of silvered quartz plates of 6 cm aperture separated by invar etalons of 6.2, 10, or 15 mm length. Most of the measurements were made on spectrograms resulting from use of the 10 mm etalon, since the general character of many of the infrared lines of iron is such as to preclude orders of interference exceeding about 40000. The actual orders of interference for each line and each spectrogram were derived from measurements of the diameters of the first four rings in the interference patterns. When the first ring was estimated to yield a fractional order of 0.2 or less the fifth ring was measured instead .
Since the interferometer plates and silver films were the identical ones just previously used for interference measurements in the spectra of noble gases,17 the last corrections for dispersion of phase at reflection determined in that work were applied to the present results for the spectrum of iron. For the 10 mm etalon this correction increased from -0.001 A at 7200 A to -0.004 A at 10000 A. The air temperature and barometric pressure were recorded for each exposure, but it was found that the corrections required to convert the wave lengths to standard atmospheric conditions (15° C, 760 mm) were usually less than 0.0005 A.
III. RESULTS
The results of my interference measurements of infrared wave lengths characteristic of integrated light from the iron arc at atmospheric pressure are presented in table 1. Column 1 contains the estimated relative intensities and the temperature classes as published by King. 18 In the next are presented the wave lengths in air at 15° C and 760 mm Hg pressure, the values being based upon neon standards. The third column shows the number of spectrograms on which each line was measured, each observation representing the average of measurements on 4 rings; the fourth column gives notes on the probable error of the arithmetical mean (column 2), the letters having sig- 16 BS Sci. Pap. 18, 191 (1922) . When the probable error exceeds 0.004 A the value entered in column 2 is limited to 2 decimal places. It may be pointed out that a given probable error expressed in Angstrom units is only half the percentage error for 10000 A that it is for 5000 A. This column also contains for certain lines a letter" h", which means that the interference patterns appear hazy or diffuse as compared with the remaining lines . The fifth column is derived from the second with the aid of Kayser 's Tabelle del' Schwingungszahlen, while the sixth and seventh represent data quoted from the paper on "Wave Lengths and Atomic Levels in the Spectrum of the Vacuum Iron Arc by Burns and Walters." 19 It is sufficient to quote only the value of the lower term, since the higher one can be derived from the former by adding the wave number of the line represented (column 5), the fractional part of this wave number being taken from column 8, to obtain the vacuum-arc value of the hi gher excited state. In the last column differences between the vacuum arc and the atmospheric arc are shown both in Angstrom units and in wave numbers. These differences have practical value in that they enable one to transform values from either source to the other, and they are of considerable theoretical interest in any discussion of their probable origin . A glance at table 1 shows that most of the infrared lines of iron require energies of 4 to 6 electron volts for their excitation. This accounts, at least qualitatively, for the low intensity of the arc flame at the center and near the anode since these radiations are strongly excited only near the cathode where the potential gradient is largest. Because these infrared lines involve high-excitation energies, they may be expected to exhibit relatively large pressure displacements, and because they are strongly excited only in the proximity of the cathode it may be assumed that they will show the so-called pole effect, which is undoubtedly to be interpreted as a true Stark effect arising from high electric fields near this electrode.
Precise measurements of the effect of pressure on the spectrum of the iron arc were made by Babcock 20 who compared the wave lengths of 130 iron lines (3896 to 6678 A) from the international arc with those from a vacuum arc. He found that increase of pressure displaces all classes of iron lines toward longer waves, the shift is the same for all lines of the same multiplet, and the amount of the displacement is a function of the spectral term magnitudes, being determined primarily by the upper term. These pressure effects are most conveniently expressed in wave numbers in which case they are correlated directly with the depression of spectral terms. The observed depressions due to a change of pressure from 0 to 1 atmosphere were publiShed by Babcock for 34 iron terms, assuming that the depression for the ground term is zero, and general formul<as were given for computing the depressions of any other iron terms.
Data in the last column of table 1 may be compared with Babcock's term depression data, but it must be remembered that my measurements relate to integrated arc light while his refer to a narrow central zone of a lon~ arc which is free from pole-effect. Such a comparison is shown ill table 2 for some of the prominent infrared multiplets of iron. The displacements in the second column are seen to be in qualitative agreement with differences of term depressions. This agreement can be regarded as exact if the differences in the last column are interpreted as evidence for pole effect (Stark effect) in the integrated light from the arc. This interpretation is justified by the fact "Astrophys. 1. 87, 167 (1928) .
that Stark effect may be expected in these high-excitation lines, and that, in general, the differences here shown are of the same sign and the same order of magnitude as the so-called pole effect for other groups of iron lines. These pole effects have been identified especially with 2 groups of lines, the d group exhibiting a greater wave length near the pole than at the center of the arc, and the e group a smaller wave length at the pole. Accordingly, we may say that multiplet a 5 p -a 5 po listed in table 2 shows little or no pole effect, while the remaining multiplets belong to group d, except b 3 P -a 3 po which behaves like group e. In other words, most of the infrared iron lines are displaced to longer waves in high electric fields, but one multiplet is outstanding in that its lines are shifted to shorter waves.
The hazy character of so many infrared iron lines, as noted in table 1, appears to be a function primarily of the excitation energy or corresponding pressure shift and broadening, since almost without exception only lines whose lower terms exceed about 36000 give interferences which are hazy or less sharp than the others. The limiting order of interference for these lines is relatively low, many of them being difficult to measure when the order exceeds 30000 waves. However, in spite of the fact that integrated arc light contains line displacements due to pressure and to Stark effects, my experience indicates that the degree of reproducibility in measuring wave lengths in this source is of the same order as that obtainable either with the international arc or with the vacuum arc. The latest modification of the international arc was designed to eliminate pole effects from the measurements but it is still afflicted with pressure effects and is entirely useless in the infrared on account of the low intensity. The vacuum arc is free from both pressure and Stark effects, and is undoubtedly the correct source to use for producing truly "fundamental" wave lengths. From the standpoint of stability, reproducibility, and intensity, the integrated light from an iron arc at atmospheric pressure is not inferior to the other types of iron sources, and it certainly deserves consideration as a modification of the present international iron arc as a source of infrared standards conveniently obtainable with the identical equipment which now yields secondary standards of wave length in the interval 3370 to 6750 A. WASHINGTON, November 21, 1934. 
